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A MESSAGE FROM THE PRESIDENT 





IT is with considerable pride as President 
of the Society of Quality Control Engineers 
that I present this first issue of Industriel 
Quality ©“ .ntrol. Our organization was formed 
by members of the first Wer Training Course 
in Quality Control by Statistical Methods pre- 
sented by the University of Buffalo. This 
group following the eight-day concentrated 
session in September, 1943, felt that contin- 
uing exchange of both experiences and tech- 
nique warranted the formation of this Society. 

From this nucleus of 4l representatives of 
15 individuel industries, our membership has 
been augmented by graduates of three succes- 
sive classes in Quality Control, so that we 
now have an organizetion of 150 active men- 
bers. 

We propose through the medium of this pub- 
lication to present to our membership, and 
the public, items of interest in Quality Con- 
trol. Prominent among these will be current 
problems handled by members, technical dis- 
cussions with accompanying charts and tables, 
reports of activity and progress in plants of 
industries using quality control methods, no- 
tices of meetings and coming events, and other 
pertinent notes and comments. 

Cherles H. Wing 
EDITORIAL 


VORE than @ year ago the War Production 
Board through its Office of Production Re- 
search and Levelopment launched « project to 
provide training in the use of analytical 
quality control to key personnel of plants 
producing war material. In the interim more 
than a score of intensive short courses in 
centers producing war materials have been com 
ducted by Dr. Holbrook Working, Dr. Edwin G,. 
Olds and Mr. Paul Peach. Early in this pro- 
gram an intensive course was given in Buffalo, 





September 11-186, 

On’ November 7 the graduates of this inten- 
sive course established the Society of Quali- 
ty Control Engineers to promote more effi- 
ciently the eims expressed in the President's 
messege and to encourage the initiation of 
training programs for persons whose interest 
in the subject had developed since the orig- 
inal course, 

The Constitutjon.of the Society states 
that, "The object of this Society is to col- 
lect, analyze, and disseminate information 
concerning Quality Control as applied to in- 
dustry.” This Journal has been launched for 
the purpose of implementing the quoted arti- 
cle of the Constitution. The membership of 
the Society has grown to a point such that a 
printed medium of contact is imperative. 

The content of each issue will be selected 
with the thought in mind that quality control 
operators in other areas face problems simi- 
lar to those encountered in the Buffalo area, 
Accordingly materials appearing will, we hope 
heave more than local significance. In con- 
formance with that idea the Journal will be 
made available to members of Quality Control 
Groups in othe> centers at a nominal cost. 

The quoted article from the Constitution 
places emphasis on the application of Quality 
Control. That point of view will be a guid- 
ing principle of this publication. Other 
publications are available for the presenta- 
tion of statistical and mathematical develop- 
ments of interest to quality control opera- 
tors, Likewise the engineering approach is 
aveileble, But between these two there is ean 
open erea of analytical quality control in 
industrial use, Into this open area Indus- 
trial Quelity Control is projected as a serv- 
ice to the men and women who make the deci- 
sions from day to day in quality control de- 


partments, 
. ee 8 8 


‘ The editoriel work involved in preparing 
this Journel has been greatly reduced by the 
able assistance of the authors of articles 
and by the constant support through manageri- 
el edvice and proofreading of the members of 
the Executive Board of the Society of Quelity 
Control Engineers, Cooperation and assist- 
ance et the next level should come from the 
membership of the Society. In addition to 
the obvious financial support, members can 
begin thinking now of preparing articles for 
future issues and supplying new notes and ad- 
ditionel bibliography. Articles should re- 
late to the development of quality control 
procedure in your plants, 
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SOME AXIOMS OF QUALITY CONTROL 





William A. Kerr, Sales Manager 
Spencer Lens Company 


THE introduction of a system of quality 
control in any plant requires a major amount 
of preliminary planning. Much of this plan- 
ning must be in terms of the pearticuler prob- 
lems of that plant. It revolves eround ques- 
tions of type of operation, organization plan, 
kinds of products, individuals involved, and 
the like, These differences lead to the es- 
tablished fact that each plant’s quality con- 
trol setup will be in the main unlike that of 
any other plant. Throughout all such systems, 
however, there runs the common thread of basic 
method of control by means of statistical a- 
nalysis, charts, and correlated inspection 
procedure. Underlying these are certain well 
established principles which are so much a 
part of any control system that they have the 
generality of axioms. , 

AXIOM I, Wherever like products are turned 
out in quantity, control chart technique is 








applicable. Persons unfamiliar with the uni- 
versality of control chart principles have et 
times taken the position, "I can see the ap- 
plication to & mass production industry, but 
my operation is different.” It is perfectly 
true that each operation is different, but ti 
test of applicability is whether like articls: 
are being produced or assembled, either indi-~ 
vidual units or bulk products, If scrap and 
rework, customer complaint, and manufacturing 
a4ifficulty make up any part of the management 
problem of a plant or individual operation, 
the control chart procedure will assist in the 
solution of problems, 

AXIOM II, Variability of product is basic 
in any repetitive operation. Recognition of 











the pervasiveness of variability is the back- 
grounc of the statistical quality control sys- 
tem. Every type of industrial activity, 
whether it be machine shop operation, fabrica- 
tion, assembly, or related productive effort, 
is characterized by the presence of a cause 
system which produces a more or less constant 
variability in the product of the activity. 
The analysis of this cause system is theoret- 
ically possible but not economically desira- 
ble, hence for control purposes this phenome- 
non is labeled the constant cause system of 
any operation. As such it is segregated from 
the intermittent or éssignable causes of var- 
lability by the control chart procedure, so 
that corrective action can be concentrated on 
the latter. 











AXIOM III, Statistical control should be 
introduced gradually. There are on record 
cases in which control chart procedure has 
been introduced overnight into an entire 
plant. Perhaps the best known example of this 
is the work of Colonel Les!ie E. Simon at the 
Picatinny Arsenal at Dover, New Jersey.) In 
spite of the brilliant results obtained by 
Colonel Simon, the better plan for private in 
dustry appears to be the spread of control ap- 
plication as need arises from 4 small but 
sound beginning. More commonly management 
will be skeptical of the results attainable. 
Accordingly the quality control beginner is 
faced with the necessity of justifying his 
program from the start. This is likely to be 
difficult and time consuming, and in many 
cases produces disappointments and seemingly 
insurmountable obstacles to the ineuguration 
of a control system. Patience and wisdom are 
required, but they eventually will pay per- 
sonal dividends when the carefully nurtured 
small beginning expands to a healthy control 
program, 

AXIOM IV, The Quality control operator 
must also be a coordinator. Attempts have 
been made to inaugurate control systems by 
the device of acquiring adequate authority 
from management and then issuing orders to 
production, inspection, engineering, pianning, 
financial departments, etc. This method is 
foredommed to failure. A quality control pro- 
gram must be @ joint venture of 4ll of these 
departments, but experience indic: tes that the 
coordination of work and the initiative must 
be supplied by someone specifically charged 
with manegement of the control program, 

AXIOM V, Quality must be built into a4 
product; it cannot be introduced through in- 
spection,. Plants have sometimes followed the 
plan of turning out in quantity, product of 
rather indifferent quality with the expecte- 
tion that nonacceptable product could be sort- 
ed through inspection. Good inspection will 
improve quelity within limits, but this plan 
brings inspection into constant conflict with 
production. The goal of better quality is 
lost in the perpetual struggle to prevent de- 
terioratiun of quality. Quite apart from the 

















continued on page 14 
I. Bee An Engineer's Manual of Statistical Methods, 
Leslie BE. Simon, John Wiley ana Sons, New York, 
1941, pp. 188-203, for a descriptic.: of methods 
used. 





THE INTRODUCTION OF QUALITY CONTROL 





AT COLONIAL RADIO CORPORATION 





George V. Herrold 
Colonial Radio Corporation 


WITHIN the past eight months the use of 
statistical methods to improve the control of 
quelity of products hes been introduced on eae 
large scale basis at Colonial Radio Corpora~ 
tion. The operations of the Corporation lend 
themselves fairly well to the use of esteb- 
lished methods of Quality Control. Neverthe- 
less, several circumstances have arisen which 
required special treatment. Some of these are 
presented in this report, others in process of 
solution form a sizeable part of the continu- 
ous problem of maneging a control chert sys- 
tem. 

In the period since last September about 
150 control charts have been inaugurated on 
more than 100 seperate machine subas- 
semblies, assemblies, or related operations. 
The broad results to dete are: (1) a drop of 
more then 30 per cent in the rejection level 
of all operations studied; (2) evaluated sav- 
ings in each of two simple operations at a 
rate more than sufficient to meet 411 costs of 
the Statistical Control Division, 
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Chief Inspector 


The purpose of this report is to sketoh 
the steps inthe development of a system of 
statistical control and to weave into the dis- 
cussion examples illustrative of the problems 
encountered, Perhaps this is the proper 
point at which to state parenthetically that 
the author had from the start the sympathetic 
cooperation of management, and more recently 
has had the active assistance of management 
colleagues trained in control chart tech- 
niques. In addition, more than 60 members of 
the supervisory staff of the plant are train- 
ed in the use of control chart procedure, 

PRELIMINARY PERIOD. The first control 
charts were set up during November of last 
yeer. Prior to thAét time a period of six 
weeks was devoted exclusively to thinking 
about the methods of introducing quality con- 
trol, and to telking about it with members of 
the inspection staff and management. Prelim- 
inary data were collected and recorded during 
November on approximately 40 items that ap- 
peared to be candidates for treatment by con- 





FIGURE I: CONTROL BOARD MAINTAINED IK QUALITY CONTROL OFFICE 
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trol chart analysis. All of these data re- 
lated to final assembly and test operations 
and the charts that were prepered were all of 
the fraction defective variety. 

CONTROL OF ASSEMBLY OPERATIONS. At the be- 
ginning of December the first Control Board 
(reproduced in Figure I) was set up in the 
Quality Control Office. On this and other 
boerds is posted each morning a record of the 
previous day's operations. Red + or - signs 
indicate operations outside 30 limits; blue + 
or - signs indicate operations between 20 and 
30 limits; white solid circles indicate oper- 
ations within 20 limits. Thus the quality 
status of the plent is quickly available to 
all concerned. The first interest of the 
Quality Control Division centers, of course, 
in the red plus signs and to a smaller extent 
in the red minus signs. These are either on 
special investigation or, if new, such inves- 
tigation must be initiated. Those recorded 
in blue are reviewed carefully to detect any 
existing trends. Sometimes investigation is 
etarted when the level of defectives of an 
operation is inthe blue area persistently. 
The boards are merely 4 supplement to the 
maintenance of an individual chart on each 
operation. 

About the middle of December the interest 
in the work of the Quality Control Division 
had spread to inspection supervisors and frac 
tion defective charts began to appear at var- 
ious points in the inspection area. These 
were mainly records of final acceptence in- 
spection and test opsrations on completed 
equipments. Also appearing at this time was 
a set of charts relating to output per man- 
hour of individual testers of completed equip 
ment. This was the period of mushroom growth 
and several projects were opened up which 
have since been abandoned, but for the most 
part the development was sound and spontane- 
ous. 

In particular, visual inspection of com- 
pleted equipments produced 4 revord of the 
number of defects per unit, but the natura] 
grouping for analysis is one day's production. 
Hence for charting purposes we use a daily 
record of the everage number of defects per 
unit computed from each day's production. 
This is a "c” type chart (based on the Fois- 
son distribution), but the variability is not 
like the variability of the total number of 
defects that would be found in « fixed amount 
of production. The latter type of record 
would lead to a "c” type chart on which the 
control limits would be established by the 
formule, 
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For average defects per unit per day an ad- 
justment of the formule is needed to provide 
for the fact tnat the plotted record is real- 
ly an average “c" and the average of the daily 
e@verages is really "ec". To establish the con- 
trol limits of this chart we use the formula, 

t 

c+ WwW 

rE 

in which k is the average number of units pro- 


duced per dey during the period used to estab- 
lish the control limits. The accuracy of pro- 
jecting these limits for judging the control 
stetus of current production depends upon two 
factors: (1) the continuetion of average pro- 
duction at epproximately the level of k sets 
per dey; (2) the maintenance of a production 
rate per dey which varies within the range 2k 
to k/2. 

By March lst most of the control cherts of 
the fraction defective (p) and number of de- 
fects "o/k" variety were in operetion as in- 
dicated on the Control Board (Figure 1), Rou- 
tine management of the contro] system for in- 
spection and test operations is now carried 
out by the assistant chief inspector and his 
eteff in the Quality Control Division. In the 
meantime e member of this division has intro- 
duced a training program for clerks in the in- 
spection department so thet the routine work 
of recording data will be integrated more effi 
ciently with the procedure in the Quality Con- 
trol Division, Presumably this training will 
be repeated periodically to meet 4 need grow- 
ing out of upgreding, turnover, and expansion. 

CONTROL IN THE MACHINE SHOP, Beginning in 
April the control chert technique wes formally 
introduced in the machine shop. To be sure, 
many of the investigations conducted in con- 
nection with charts used in assembly hed led 
to machine shop operations end several pro- 
cesses in the machine shop had been altered as 
@ result of such investigations. (This will 
be apparent in an illustration described sub- 
sequently). But the work of collecting deta 
and prepering preliminary control charts for 
piece parts was done during April. 

The average level and characteristic var- 
iebility were determined in each case from 
measurement of 16 sub-groups of five pieces 
each. In some cases the average level proved 
to be too high or too low and hed to be ad- 
justed. In a few cases the veriebility was 
excessive with respect to the tolerances, 

Most of these were vrought into control at 
working levels either by removing causes of 
veriebility or by a review of the design re- 
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quirements. 

About May lst control charts were intro- 
duced on ell of the automatic screw mechines,. 
These cherts ere actually cards prepared in 
the form shown in Figure II. The nominal di- 
mension .is considered to be 4 end is so place 
on the card, .The scale records the number of 
ten-thousendths thet individual measured 
pieces ere greater then or less than the nom- 
inal, These measurements ere recorded by 
punching the cards as indicated in Figure II. 
The control limits are simply the nominal -Cto, 
where cis determined through the initial 16 
sub-groups of 5 pieces each,(This is o' in the 
notetion of the American Standards Associatim 
pemphletse). Five pieces are inspected direct- 
ly from the machine at intervals of approxi- 
mately 30 minutes, end production since the 
least inspection is kept seperate at the ma- 
chine, If any measurement produces @ point 
outside either control limit, all pieces pro- 
duced since the last insvection are detailed. 
Depending upon the results of this inspection 
and on investigation of the condition of the 
machine, an immediate decision is made as to 
whether the machine should continue with minor 
edjustments or should be shut down. In those 
cases involving tool wear supervisors study 
the control charts continuously to determine 
when the machines should be reset, tools re- 
ground, etc. 
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INDUSTRIAL QUALITY CONTROL 


Simultaneously with the introduction of 
the control cards in the machine shop, a 
training course was set up for inspection 
foremen and supervisors. In this course the 
instruction was specific on the operation of 
the cerds with snough of the principles of 
control chart technique interspersed to give 
@ minimum basis for understending the mean- 
ing of the punches on the cards end for tak- 
ing proper action when punches fall outside 
the control limits, 

More recently control cards have been set 
up on @ few machine operations for which the 
inspection is simply by Go-Not-Go geuge. This 
is a patrol inspection at 30 minute intervals 
for parts which pass through several success- 
ive operations, The purpose is to establish 
assurance that the earlier operations in the 
sequence are performed correctly and vice ver- 
sa to assure at later stages of production 
that earlier work is not lost th ough faulty 
operation near the end of the sequence. 

PURCHASED MATERIAL, Peralleling the activ- 
ities previously discussed is a seperate pro- 
ject in the purchased material inspection de- 
partments, Preliminary study showed that a 
great pert of the material was checked 100% 
end where sampling plans were used, they were 
mostly inedequate. Improved sampling plans 
have gredually been introduced as conditions 
end available staff have warranted. The 
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4:00 P.M. Job Pinished 





9:50 A.M. Tool Sharpened ~- 2:00 P.M. Tool Re-set 





FIGURE Il: PUNCH CARD USED SY INSPECTORS AT MACHINES FOR RECORDING MEASUREMENTS OF HALF-HOURLY SAMPLES OF FIVE PIEG@S 
6 
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Dodge-Romig plan of Double Sampling with Av- 
erage Quality Protection has been used with 
slight modifications in some cases to fit 
particular circumstances. Experience thus 
far has shown thet the saving in inspection 
cost for parta which have qualified is in ex- 
cess of 75 per cent and at the same time 
there has been a marked improvement in the 
quality of the material going into production. 

RADIO TUBE INSPECTION, Im the past, ship- 
ments of radio tubes have been accepted with- 
out inspection. The argument for this is the 
fact that the tubes are inspected 100 per 
cent by the menufacturer and in case a few 
defectives escape the manufacturer's inspec- 
tion they are detected quickly as soon as the 
equipment is tested. While this argument 
holds in general, occasionally a lot of tubes 
is received which produces 4n abnormal amount 
of trouble in production. This difficulty 
dces not arise frequently enough to justify 
the use of 100 per cent inspection, but ex- 
cellent results have been obtained from use 
of the Dodge-Romig Double Sampling Tables. 
The detailing or rejection of occasional ex- 
cessively defective lots has practically 
eliminated production difficulties and small 
samples of tubes can be inspected at nominal 
cost. 

Charts are used in tube control for contin 
uous study of the relation between production 
rejects and true defectives. There is a mark- 
ed tendency for testers to reject tubes which 
careful inspection shows to be satisfactory. 
During five months of operation of these 
charts the tube reject level has declined 30 
per cent. Charts giving the true defect 
level and its variability heve proved inval- 
uable in conferences with field engineers of 
tube suppliers, 

An unusual use of the control chert arcee 
in connection with investigation of a nigh 
breakage rate of an extremely fragile but ex- 
pensive tube. By the simple device of post- 
ing cherts showing breakage by individual 
testers and by shifts with upper limits of 
chance variability on the charts, a heelthy 
competition has developed which results in 
more careful handling and a consequent marked 
decrease in breakage. 

AN EXAMPLE, At the beginning of this re- 
port reference was made to two operetions 
which were improved through application of 
control chart technique. The procedures fol- 
lowed in eliminating trouble in one of these 
(known in the plant as the shaft and washer 
assembly) will be described in some detail as 


Cerner 





an illustration of the methods used in attack- 
ing problem, 

Preliminary deta were collected on this 
item during Nowember, but, in spite of a reth- 
er high rejection level, no attention was giv- 
en to the date prior to December 8, On that 
day the rejection level rose to 68 per cent 
and an immediate investigation was ordered, 
The rejection record of this sssembly from No- 
vember to date is shown in Figure IV. Tem 
porary control limits based on pel5.2% and a 
high daily rate of production, quickly indi- 
cated that strange things began happening on 
November 25. If the chart had been in opere- 
tion prior to December 8, it would have given 
an unmistakable prediction of cumulative trou- 
ble. 

The investigetion immediately showed thet 
most of the washers were too small to fit the 
sheft properly and thet the difficulty lay 
with the washers, The stamping equipment was 
adjusted in the machine shop and the stock of 
washers on hand wes discarded, The dimension 
of the washer is given in the drawing repro- 
duced as Figure III. The total tolerance 
renge of five ten-thousandths is, rather close, 
but no difficulty was encountered in nolding 
this dimension after a basis for cooperetion 
hed been established between the machine shop 
and essembly inspection. 
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PIGURE III: DIAGRAM OF WASHER 

The high level of rejected assemblies dur- 
ing the following six days (December 9-15) wae 
due to the piling up of a large number of as- 
semblies which were known to contain the un- 
satisfactory weshers, From December 16-28 the 
operation was in relatively setisfactory con- 
dition, although the 10 per cent reject level 
gave no cause for compleisance. In the last 
three days of December the rejection level 
climbed sharply, and the investigative effort 
Was redoubled. This time the trouble was dis- 
covered in the processing of the washers efter 
the punching operation. The washers must have 
a certain degree of surface smoothness, but 
cannot be too smooth; they must also be com- 
pletely free from burrs, To meet these re- 
quirements the following additional operations 
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are performed: (1) Rumble for three hours in 
liquid abrasive; (2) Lap for three minutes in 
very fine abrasive; (3) Passivate for twenty 
minutes in a 10% nitric acid solution. The 
trouble arose in this case because faulty 
routing had permitted a large number of wash- 
ers to reach assembly without going through 
the lapping operetion. Correction of this 
brought the rejection level down at the begin- 
ning of Januery, but on the 4th 5th and 6th 
roughness again developed inthe assemblies. 

This time a new operation was added. The 
washers were tumbled in ground leather for 
approximately one hour to produce 4 smooth 
surface, The effect of this can be seen on 
January 7, when the rejections dropped to 9 
per cent. But roughness developed again and 
on the 13th and 14th further action was taken. 
It was found that an excessive amount of oil 
was being used for protection of the leading 
edges of the washers. The excess oil seeped 
in between the washers and had a tendency to 
bring to the surface small imbedded particles 
of abrasive. These particles were creating 
friction which impeded the smooth functioning 
of the assembly. To correct this, the oil 
was applied more sparingly. 

The effect of these process changes is ap- 
parent on the chart. Throughout the second 
half of January, all of February, and up to 
March 10, the rejection percentage was much 
lower than it had been at any time previously 
and most of the plotted points were inside the 
nominal control limits expressed on the chart. 

Throughout the period covered by this anel- 
ysis the assembly of the washers on the shaft 
had been done by selecting washers with holes 
large enough to fit particular shafts. So 
many washers were undersize thet they h&d to 
be laid aside until a shaft near the low tol- 
erance limit was found. As a result of inm- 
provements stemming from continuous investi- 
getion o* this process, the washer dimensions 
were now being held. Hence on February 15 
selective assembly was abandoned in favor of 
random assembly. The cost of assembly was re- 
ducedé by more than 50 per cent and the chart 
shows that the effect, if any, on the rejec- 
tion percentage was fevorable,. 

Beginning with March 1] trouble arose in 
reverse, Ths inspectors were rejecting as- 
semblies because the surface friction between 
washers was too slight, resulting in slipping 
of other perts of the assembly. About one 
month was consumed in loceting and eliminating 
this difficulty. The slipping was ceused by 
the very smooth glazed surface put on the 





washer by the leather tumbling. The long run 
solution ley in a reduction of the amount of 
leather tumbling, but to salvage 4 large sup- 
ply of washers in stock all of these were 
tumbled in sand for three hours to remove the 
glazed finish. 

These glazed-deglazed washers went into as- 
sembly on April 11 and the effect on the re- 
jection percentage is obvious. Once more the 
investigating committee heaved « sigh of re- 
lief. It should be noted, however, that the 
points for the second half of April are some- 
whet irregular, going out of control twice. 
This tendency came to ea head May 4-l1,when in 
spectors were again rejecting assemblies be- 
cause of roughness of the washers. Investi- 
gation showed that send particles remaining 
on the surface of the washers from the tem- 
porary tumbling operation were the cause of 
the roughness, 

Beginning May 12 new washers went into as- 
sembly. These washers were punched to correct 
size, rumbled, lapped, passivated, and tumbled 
in leather for exactly 15 minutes, The effect 
on the rejection percentage for the second 
half of May and the first half of June is 
highly satisfactory. With full comfidence 
that the washer problem has been solved, we 
are going into the second half of June with 
the expectation of holding the rejection per- 
centege at or below the level of 2.1 per cent 
attained June 1-15, 

CONCLUSION. Quality Control as an inte 
grel part of our operating procedure is in its 
infancy. The use of charts in inspection and 
test operations is moderately complete. The 
greatest part of the installation in the ma- 
chine shop and in purchased materials inspec- 
tion is still to be done. Progress should be 
at an accelerated rate because the introduc- 
tory work hes been done, What remains is 
concerned mainly with the volume of work that 
can be carried by the Quality Division and 
the speed with which adaptations of technique 
can be devised for different types of opera- 
tions. 

Results thus fer cannot be estimated too 
precisely but it is safe to say thet the qual- 
ity of product hes been materially improved, 
and that notable savings heve been accom- 
plished through edjustment of operating and 
inspection procedures, Perhaps the greatest 
gain for the future lies in the establishment 
of an objective basis of cooperetion between 
engineering, manufacturing, inspection and 
testing, and management, 
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NEW DEVELOPMENTS 


IN this section of each issue is presented 
one or more new developments in the field of 
Quality Control. 

Much has been written sbout the advantages 
of sempling inspection. Sampling implies that 
some defectives will go into subsequent opera- 
tions whatever they may be. A matter which is 
not widely discussed in the literature, but 
which must always be kept in mind in devising 
@ sampling plan, is the effect of these defeo- 
tives in production. Three situations can be 
catalogued with the corresponding efficient 
inspection procedure, 


100% Inspection 

Status of Defectives in Production 

(1) No functional test, or cost of replace- 
ment at test stage prohibitive. 

(2) Functional test certain. For any lot 
the cost of replacing defectives et the 
production stage exceeds the cost of 
deteiling the lot, 


Sampling Inspection 
(3) Functional test certain. For any lot 
the cost of replacing defectives at 
the production stage is less than the 
cost of detailing the lot. 


The first situation is obvious enough. It 
means simply that when replacement of a defec- 
tive part would be outstandingly difficult or 
such defective might fail to be detected, then 
every effort should be made to prevent defec- 
tives from going into production. The second 
and third situations describe most industrial 
cases. They indicate that the question of 
whether to introduce sampling involves more 
than the direct comparison of costs in the in- 
spection department. The determining factor 
is the relation between the cost of replacing 
defectives in production and the cost of the 
inspection necessary to prevent defectives 
from reaching the production stage. 

The fiegream on the opposite page gives an 
objective determination of this relation. Sev- 
eral features of the diagram require explana- 
tion. Dollar cost per unit is an indefinite 
thing due to wariebility in cost accounting 
systems. In order to eliminate this factor, 
time costs are used exclusively. The vertical 
scale is set up as the ratio of the time to 
inspect a piece to the time to replece a piece. 
These times must be obtained from investiga- 
tion of operations at inspection stetions and 
in production areas. The formation may be 








10 


available from time study records, but more 
then likely it will be necessary to go into 
the shop to obtain the information. Ine 
particular case the inspection time per piece 
might be SO seconds, while the time required 
to remove a defective piece and instasl @ re- 
placement might be 20 minutes. Then the ra- 
tio of inspection time per unit to replace- 
ment time per unit would be 1 to 40 or as 
given on the vertical scale of the diagram 
-025. Imspector time must also be included 
in the time cost of replacing a defective, 

The base scale of the diagrem gives the 
upper limit of the fraction defective of the 
material that leaves the inspector. This is 
known eas the average outgoing quality limit 
(A.0.Q.L.). AS #000 a8 & Sampling plen has 
been set up for a perticular item, the 
A.0.Q.L. will be known from tables or can be 
computed, 

Direct reasoning will quickly indicate 
that the greater the fraction defective of 
the material going into production, the emall- 
er must be the replacement time in relation 
to inspection time, if sampling inspection is 
to be efficient. But some simple guide is 
needed for meking a decision with respect to 
any individuel lot. This is provided by the 
diagonal lines on the diagram which give eon- 
eteant ratios of inspection time for the un- 
sampled remainder of a lot to replacement 
time for the defectives in the unsampled re- 
mainder of a lot. Thus, if the A.0.Q.L. is 
2 per cent and the ratio of inspection time 
per unit to replacement time per unit is }] to 
50 (.02), the ratio per lot is 1 tol, i.e., 
it will require the same amount of time to 
inspect the unsampled remainder of a lot as 
to replace im production defectives in the un- 
sampled remainder of a lot. 

If time in a feeder shop is just as impor- 
tant as time in a machine shop or in an assen- 
bly operation, it will be more efficient to 
use & sampling plen whenever investigation of 
a particular case produces values on the base 
scale and vertical scale, respectively, which 
intersect om or above the 1 to 1 diagonal 
line. Conversely, if the intersection is be- 
low the 1 to 1 line, 100% inspection will be 
more efficient. In most cases time in the 
feeder shop would be esonsidered less impor- 
tent then time in the major operations, there- 
fore lines have been drawn for 2 to 1, 3 tol, 
4 tol, 5 tol, 10 to 1 and 20 to 1 ratios 
between time to inspect remainders of lots and 
time to replace defectives in remainders of 
lots. 


NEE 
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A few examples will show the use of the 


diagram. 


sroduct resulting 


b 


Whenever the quality of 
from the use of sampling is better than the 


A.0.Q.L. indicated in tables or computed, 


the 


and this will be the case for most lots, 


actual circumstances will be somewhat more 


favorable to sampling than the decision from 


the diagram. 


For this reason it is relative- 


ly safe to settle borderline cases in favor 


of the use of sampling. 





Diagonal line used - 3 to l ratio 


Vertical 


Inspection 


A.0.Q.L. 


Action 


Scale 
1 to 25 
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(.04) 


1 to 200 (.005) 


100% 


100% 


Sample 
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(05) 


1 to 20 


Sample 


UNIT 
PER UNIT 


TIME PER 


INSPECTION 


TIME 
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3 CONTROL LIMITS FOR ?RACTION DEFECTIVE CHARTS 




















Lot or 
Semple Fraction Defective (p) 
Size 
a 200) 002 2005 2010 015 2020 203 204 205 206 207 208 
25 U ~020 029 047 «070 088 -104 132 158 181 2202 «223 243 
L 0 0 0 0 0 0 0 0 ¢) 0 0 0 
U 018 2026 044 064 082 -097 123 2147 169 190 «210 229 
eo, 0 0 0 0 0 0 e 0 0 0 0 0 
U 016 2023 038 057 073 086 elll «133 «153 173 e191 +209 
ad L 0 0 0 8) 0 0 0 0 0 0 0 0 
50 U 014 021 035 -052 067 -079 -102 123 142 «161 178 195 
L 0 0 0 0 0 0 0 0 0 0 0 0 
75 U 012 017 029 044 057 -068 089 106 125 «142 -158 -174 
L 0 0 0 0 0 0 0 0 0 0 0 0 
Uv 010 -015 026 040 051 062 081 099 115 131 147 161 
100 5 0 0 0 0 0 0 0 0 0 0 0 0 
125 U 009 -014 -024 037 -048 -058 076 093 ~108 124 -138 155 
L 0 0 0 0 0 0 0 0 0 0 2002 007 
150 U 009 -013 -022 -034 -045 -054 072 - 088 ~103 118 2132 146 
L 0 0 0 0 0 0 0 0 0 2002 -008 014 
200 U -008 O11 ~020 031 2041 -050 066 -082 096 -110 124 -138 
L 0 0 0 0 0 0 0 0 2004 2010 -016 022 
300 U -006 -010 -017 027 2036 2044 «060 2074 -0868  .101 e114 127 
L 0 0 0 0 0 0 0 006 2012 019 2026 2033 
U 006 2009 016 025 033 041 056 069 083 2096 108 121 
COs 0 0 0 0 0 ©  .,004 .011 .017 .024 .0S2 039 
U -005 008 014 2023 031 039 053 066 2079 092 104 116 
—?. 0 0 0 0 0 .001 .007 .014 .021 .028 .036 .044 
750 U -004 007 013 021 -028 035 049 -061 074 2086 098 110 
L 0 9) 0 0 2002 2005 eOll 019 2026 034 2042 2050 
1000 U -004 006 2012 019 2027 033 046 059 2071 08S 094 106 
L 0 0 0 -001 .003 007 2014 2021 029 2037 2046 054 
U -003 005 -010 2017 -023 029 041 053 065 2076 «087 .098 
SOse » 0 0 © .005 .007 OIL .019 .027 .035 .044 .053 062 
U -002 004 .008 014 ~020 2026 2037 048 -059 ~070 081 209 
ee L 0 i) 2002 -006 2010 014 023 2032 041 -050 059 -068 
The limits for fraction defective charts out most of the table the limits correspond- 
presented in this table are ell computed from ing to these odd values will differ in the 
the formula, third decimal place only from values appeer- 
p+ Svp_(1 = p) ing in the table. Therefore little preci- 
~ D sion will be lost in using the nearest tabu- 
The purpose is to save the labor cf computing lated value. If greater precision is imper- 
in the formula each time a chart is prepared. ative, that can be obtained by simple inter- 
Thus for fraction defective .02 and sample polation, The interpolation can usually be 
size 100, the upper 30 limit of chance varia- performed by inspection. The details of in- 
bility is.062 and the corresponding lower terpolation for the most complicated case are 
limit is 0. given in the following example. 
Frequently velues of p or n not given in Given p = .4356, n = 115, to find the con- 
the table will appeer in practice. Through- trol limits exactly. 
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S CONTROL LIMITS FOR FRACTION DEFECTIVE CHARTS 








Fraction Defective (p) 


Oe eee ee SS EE aS eC! 
894 


2262 2280 23515 - 548 2580 e411 2440 2510 575 636 694 748 800 





0 0 0 0 0 0 0 0 2025 064 2106 152 2200 506 
+247 0264 298 2550 561 590 2419 487 551 611 -668 0722 0774 -868 
0 0 0 0 0 0 0 015 049 089 132 -178 2226 2332 
- 226 2242 2274 2505 2554 +562 590 455 517 -576 652 - 686 2737 -832 
0 0 0 0 0 0 010 045 2083 124 -168 214 263 - 568 
eZ11 «227 258 287 2510 3.345 23570 2454 2494 552 608 -661 712 808 
0 0 0 0 2004 017 2030 066 106 148 2192 2239 - 288 592 
-189 204 2233 +260 287 315 2359 -400 459 515 «570 622 673 «770 
0 0 2007 2020 035 2047 061 ,100 -141 185 230 -278 2527 450 


176 190 «217 244 «270 2295 520 - 580 2437 4935 2547 599 ~650 747 
004 010 025 036 050 -065 080 120 21635 «207 253 501 550 453 
167 180 «207 2233 258 283 507 2 566 2423 478 531 583 -634 731 
015 020 OSS 047 062 077 095 134 2177 «222 269 e517 - 566 469 
160 175 2200 2225 «250 «274 298 556 412 «467 520 2572 «622 «720 
«020 027 040 055 «070 - 086 «102 144 -188 e233 - 280 528 378 2480 
151 2164 -189 214 238 261 285 +542 597 451 -504 -.556 - 606 704 
029 036 051 066 082 099 e115 -158 203 249 296 544 394 496 
-140 2152 0176 2200 225 247 2269 525 579 435 485 536 - 587 -685 
040 048 - 064 080 -097 115 131 175 221 267 515 + 564 413 «515 
1335 -145 - 169 192 2215 238 260 515 - 569 422 4735 525 575 -673 
«047 055 071 088 105 122 140 -185 231 -278 527 575 2425 527 7 
-128 140 +164 187 «209 2232 254 508 561 414 466 517 567 -666 
-052 -060 -076 -093 elll 128 146 192 239 +286 534 - 583 435 - 534 
«121 133 156 -178 «200 «222 2244 297 550 402 454 504 555 -654 
059 067 064 102 120 138 156 2035 +250 -298 2 546 596 445 - 546 
«117 128 151 173 195 216 238 291 2545 2595 2446 497 547 - 646 
-065 2072 ~089 «107 125 144 -162 - 209 +257 «505 554 403 453 554 
109 120 ~142 1635 185 206 +227 279 «3531 - 582 2433 485 - 554 -633 
071 2080 -098 117 2135 154 1735 221 269 2518 +567 2417 466 567 
102 115 -134 «155 176 196 «217 -268 519 «370 2421 471 521 621 
078 087 - 106 125 144 164 183 232 281 2530 «579 429 «479 ~ 579 








Upper Limit Lower Limit _ 
n = 100 a = 125 n = 100 n = 125 
J Limit PR Limit Pp Limit Pp Limit 
«40 547 40 -531 40 -253 40 269 
«45 2599 245 2583 245 e201 e458 : 2317 
95 2052 05 -052 05 048 05 048 
‘ - . . 2036 . 
547+ (“Bee x.052)=.584 531+ (“oR £052) =.568 .253+ (29S x.048)=.287 .269+(—B x.048)=.3503 
mn Limit i Limit 
100 584 100 287 
125 - 568 125 2503 
25 2016 25 -016 
13 13 
U.L.=.564-(3s x.016)=,576 L.L.=.267+ ($F X.016)=.295 
13 
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AXIOMS 
continued on page 3 


matter of wasting scarce raw materials in 
wartime, there is a basic fallecy in this 
scheme. The only way to insure that high 
quelity products will leave the plant is to 
build quelity into the product in the plent, 
and this means et the machine rather than the 
inspection bench. 

AXIOM VI. Manufacturing processes will 
usually not be found in a state of control, 
One of the early steps in the initiation of a 
control program is the analysis of some exist- 
ing inspection records, These may be records 
of a notorious trouble producing operation in 
which case leck of control is a feregone con- 
clusion, They may be records chosen mainly 
because of availability, but lack of control 
is very likely to be found. This is merely e 
longer way of seying that assigneble ceuses of 
variation are present in most manufacturing 
operations, but in the absence of control 
chart technique they are not recognized. This 
circumstance is the besis of the universal 
need for statistical analysis and control. 

AXIOM VII. A state of control must be es- 
tablished at a satisfactory level before any 
product or operation can be approved for rou- 
tine control chart management, It follows 
from Axiom VI that most processes will be 
found out of control initially. The first 
tesk of the stetistics engineer is to segre- 
gate the essignable causes of variability, 
discover, if possible, their origins, and 
through cooperative action with representa- 
tives of the affected plant functions proceed 
with corrective steps. This initial attempt 
to gain control will probably be only partiel- 
ly successful. However, much knowledge will 
have been gained which will be directly appli- 
cable to a second and usually more successful 
effort to eliminate assignable ceuses of var- 
iebility. When such control has been achieved 
and has been maintained for a sufficient peri- 
od to eliminate the probability of an eeei- 
dental oceurrence, the time has arrived at 
which the statistics engineer can assign the 
operation to a member of his staff for rou- 
tine managenent. 

It should be noted that there is no sug- 
gestion that the comtrol procedure should be 
removed from the operation when 4 state of 
control has been achieved. Experience deu- 
onstrates that a standard of quality can be 
maintained only through continued vigilence. 
Without the impetus of the control chart, ma- 
chine operators or assemblers tend to relapse 























into former habits. 


AXIOM VIII Control chart analysis leads 


to better product quelity with lower inspec- 








tion cost. The object of the entire quality 





control procedure is to establish controlled 
variability of product at a level conforming 
to the specification and tolerances. In the 
course of achieving this goal it is most like- 
ly thet inspection methods will be improved. 
Particularly, if 100 per cent inspection has 
previously been employed, the establishment 
of stetistical control of product opens the 
wey for the introduction of sempling inspec- 
tion. Im other cases sampling inspection may 
have been in use reviously, but analysis com- 
monly produces improvements in technique. Un- 
Ger either circumstance the result is better 
inspection; better quality, and, inasmuch as 
a controlled process can be maintaimd with a 
eméaller amount of inspection, less cost. 
AXIOM IX, The one indispenseble quality 
of the manager of a quality control program 
is common sense, Management of a sentrol 














chert progrem requires familierity with plant 
operations, a beckground of engineering knowl- 
edge, competence in statistical technique, 

and executive capacity. These things are nec- 
essary qualifications but they are not suffi- 
cient to guarantee success of a control pro- 
gram. No matter how carefully one is schoold 
in standard practice, or how carefully each 
control step is planned, the situations whicsb 
erise in eae plant from day to day ere sure to 
contain unforeseen elements of difficulty. The 
naturel tendency is to attempt to catalog 
each new situation according to the book. This 
is good practice end seldom fails to produce 
some results. However, one must be prepared 
to find that established procedure will very 
often not give the answer. At this stage the 
quelity maneger must rely on his ability to 
bring to the new situation a fund of common 
sense. Common sense or horse sense is essen- 
tially the ability to evaluate the elements 

of a situation correctly, place each one in 
proper perepective, and make the accumulated 
information add up to e@ solution of a problem. 


TRADE MARK 


The symbol on page 1 is a representation 
of a control chart with diagonal limit lines 
drawn within conventional limits. The draw- 
ing is intended to suggest measurements of 
@ piece pert involving tool wear toward the 
plus tolerance, 
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A page of each issue of the Journal is de- 
voted to brief reviews of articles on Statis- 
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publications. Earlier issues of the Journal 
contain bibliographies of materials published 
in former years. The purpose is to provide 
readers with a permanent reference list. In 
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NOTES AND ANNOUNCEMENTS 





NATIONAL DEVELOPMENTS IN QUALITY CONTROL nificant story of results accomplished in 
Holbrook Working sevings of man-power and of materials and in 
incresse of production has not been recorded 
in detail. It can never be fully recorded 
because the contribution of statistics to 
quality control is often intangible. Meany 





DEVELOPWENTS in quality control in the 
Buffalo erea are perhaps not a "representa- 
tive sample” for the country at large, but 


they are indicative of whet has been happen- 
ing in numerous ereas. improvements in production and inspection 


The Buffalo course in September, 1943, was techniques have been made without use of sta- 
only the eighth such course given - the fourth | tistical devices which nevertheless owe much 


outside of California. The twenty-first such | to statistics because knowledge of stetisti- 
course was completed on June 29, 1944, at the cel principles supplied @ sound and realistic 
Georgia Institute of Technology. Nearly 1000 approach to the problem that had been lacking 
people have now attended such courses for the before. 

full period and 1000 more have attended the 
one-day progrems for executives arranged in 
connection with the courses, 

Princeton University plans to offer its 
second intensive quality control course in 
early September. Numerous other courses are 
being planned for the next few months, but 
dates are not yet available. 

Professor Brumbeugh holds the national rec- 
ord for number of students taught in parte 
time quality control courses during the last 
nine months. About as many students have tak- 
en part-time quality control courses in Los 
Angeles es in Buffalo, but they have been di- 
vided among several instructors, 





QUALITY CONTROL TRAINING AT SYLVANIA 
Walter A. Weiss 





THE first training course for quality con- 
trol personnel et Sylvanie Electric Products 
Corporation was set up by Pennsylv@m ia State 
College through the Engineering, Science end 
Menagement War Training program of the United 
States Office of Education. In regular meet- 
ings between March 28 and June 6 much the 
same content was presented that is given in 
the intensive courses of the War Production 
Board with specific applications added. 

Sponsors of this course had the foresight 

In February, Los Angeles had its third in- to set aside two six-hour general sessions to 
tensive quality control course, with an at- be conducted by prominent men in the field of 
tendence of 90 for the full course, The eigh- Industriel Quality Control. In accordance 


day course given at Pittsburgh last November with these plens, Mr. Andrew I. Peterson was 
hed a registration of 101. invited to speak to the Sylvania group on 


A series of three-day courses in Statisti- June 12. Mr. Peterson, formerly professor of 
cal Quality Control, under the direction of Engineering Economics of the New York Univer- 
Mr. G. D. Edwards of the Bell Telephone Lab- sity and now director of Manufacturing Re- 
oratories, is being given by the army Service search for the Radio Corporation of America, 
Forces in Army personnel. gave & presentation involving the practical 

These reports on courses are merely high- aspects and application of the quality con- 
lights of the more easily visible side of de- trol techniques to industriel problems. 
velopments in quality control. The more sig- siadiadndiadindindn 
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